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FIGURE 1. Emission coeÆcients of synchrotron/cyclotron and bremsstrahlung emissions,
where 
pe
is the plasma frequency. The emission coeÆcients of cases f and g have been re-




respectively, so that they can be compared with cases a, b and
c. For this calculation, B = 1 Gauss and T
e
= 50 keV.
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nonthermal fraction less than 10%.
EMISSION AND ABSORPTION COEFFICIENTS
Three major emissionmechanisms in the hybrid source are cyclotron, synchrotron
and bremsstrahlung emissions of electrons. For an arbitrary normalized particle dis-










































































)  1. The integration limits in equation (1) are set to make 
a real number.
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. Calculation results ( see Fig.1 ) show that cyclotron emission
can not propagate in the plasma, because its frequency is well below the plasma
frequency. Nonthermal bremsstrahlung emission is also negligible. Nonthermal
synchrotron and thermal bremsstrahlung are the dominant emission mechanisms.
The same conclusion can be drawn for the absorption processes. Fig.2 shows how
the absorption and emission processes change the spectra from ICS. The spectrum
is signicantly cut-o at lower energies. This may be the reason why not many
radio counterparts are detected [6].
COOLING OF NONTHERMAL ELECTRONS
As shown above, emission spectra are largely dependent on the particle distribu-
tion. The cooling processes of nonthermal particles aects not only the soft photon
emission but also the inverse Compton scattering. Coulomb and Compton coolings
are the two dominant processes. Synchrotron cooling is neglected because the mag-
netic eld energy density is much less than electron's kinetic energy density. The









is the characteristic cooling
time of both processes [5,7].
Calculation results ( see Fig.3 ) show that Coulomb thermalization quickly cools
down low energy electrons. However, these less energetic electrons contribute little
to synchrotron emission. The emission coeÆcient above the plasma frequency does
not signicantly change as thermalization occurs. Compton cooling, on the other
hand, cools down high energy electrons rst. Loss of the high energy electrons
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FIGURE 3. Eects of cooling processes on emission. Solid lines show the Coulomb collision



















is the photon energy density.
SUMMARY
We have calculated the emission and absorption coeÆcients for a hybrid
thermal-nonthermal plasma and nd that nonthermal synchrotron and thermal
bremsstrahlung are the dominant mechanisms. These two mechanisms have been
incorporated into our inverse Compton scattering model so that it may be com-
pared with radio observations of GRBs. Future multi-wavelength observations will
be critical tests of this model. Our calculations also show that Coulomb thermal-
ization does not signicantly change the emission pattern but Compton cooling
does.
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